The inhibition efficiency (IE) of K 3 [Fe(CN) system decreases. Polarization study reveals that this formulation controls the cathodic reaction predominantly. AC impedance spectra reveal that a protective film is formed on the metal surface. FTIR spectra reveal that the protective film consists of Prussian blue and Zn(OH) 2 . The film is found to be UV fluorescent.
Introduction
Several inhibitors have been used to prevent corrosion of carbon steel in aqueous solution. Inhibitors such as chromate [1, 2] , molybdate [3, 4] pertechnitate [5] , nitrate [6, 7] , phosphate [8, 9] , silicates [10] , cations [11] , organic inhibitors [12, 13] , carboxylates [14, 15, 16] and tannins [17, 18] , have been used as corrosion inhibitors. Much work has not been done using K 3 [Fe(CN) 6 ] as corrosion inhibitor. The present work is undertaken (i) to evaluate the inhibition efficiency (IE) of K 3 [Fe(CN) 6 ] in controlling the corrosion of carbon steel in aqueous solution containing 60 ppm of Cl -, in the absence and presence of Zn 2+ ; (ii) to analyse the protective film formed on the carbon steel by FTIR spectra and fluorescence spectra; (iii) to understand the mechanistic aspects of corrosion inhibition by potentiodynamic polarization studies and AC impedance analysis; (iv) to propose a suitable mechanism for corrosion inhibition.
Experimental

Preparation of specimens
Carbon steel specimens [0.0267 % S, 0.06 % P, 0.4% Mn, 0.1% C and the rest iron] of dimensions 1.0 cm x 4.0 cm x 0.2 cm were polished to a mirror finish and decreased with trichloroethylene.
Weight-loss method
Carbon steel specimens in triplicate were immersed in 100 mL of the solutions containing various concentrations of the inhibitor in the presence and absence of Zn 2+ for one day. The weight of the specimens before and after immersion was determined using a Shimadzu balance, model AY62. The corrosion products were cleansed with Clarke's solution [19] . The inhibition efficiency (IE) was then calculated using the equation
where W 1 = corrosion rate in the absence of the inhibitor, and W 2 = corrosion rate in the presence of the inhibitor.
Surface examination study
The carbon steel specimens were immersed in various test solutions for a period of one day. After one day, the specimens were taken out and dried. The nature of the film formed on the surface of the metal specimens was analysed for surface analysis technique by FTIR spectra and fluorescence spectra.
FTIR spectra
The film formed on the metal surface was carefully removed and mixed thoroughly with KBr. The FTIR spectra were recorded in a Jasco 460+ spectrophotometer.
Fluorescence spectra
These spectra were recorded in a Hitachi F─4500 fluorescence spectrophotometer.
Polarization study
Polarization studies were carried out in an H & CH electro chemical work station impedance analyser model CHI 660A.
A three electrode cell assembly was used. The working electrode was carbon steel. A saturated calomel electrode (SCE) was used as the reference electrode and a rectangular platinum foil was used as the counter electrode.
AC impedance measurements
The instrument used for polarization study was used for AC impedance measurements too. The cell set up was the same as that used for polarization measurements. The real part (Z') and the imaginary part (Z'') of the cell impedance were measured in ohms at various frequencies. 6 ] complex at the anodic sites of the metal. Hence, a decrease in the IE is noticed as the period of immersion increases. A similar observation has been made in the corrosion prevention of carbon steel by polyvinyl pyrrolidone [20 ] . 6 ] ─ Zn 2+ system At pH =7 the system shows 31% IE [ Table 6 ]. But when the pH is lowered (5 ,3) by the addition of dil H 2 SO 4 , the IE decreases. This is due to the fact that when acid is added, the protective film is broken by the aggressive H + ion. When the pH values are increased by the addition of dil NaOH solution, the IE decreases. This is due to the fact that the protective film goes into the solution at higher pH values. Usually, Prussian blue is soluble in sodium hydroxide. 
Analysis of polarisation curves
The potentiodynamic polarization curves of carbon steel immersed in aqueous solution containing 60 ppm Cl − are shown in Fig. 1 . The corrosion parameters are given in Table 7 6 ] complex on the anodic sites of the metal surface, and the cathodic reaction is controlled by the formation of Zn(OH) 2 on the cathodic sites. 
Analysis of AC impedance spectra
The AC impedance spectra of carbon steel immersed in aqueous solution containing 60 ppm Cl − in the presence and absence of inhibitors are shown in Fig. 2 . The impedance parameters, namely charge transfer resistance (R t ) and double layer capacitance (C dl ), are given in 6 ] solution. The FTIR spectrum of the complex is shown as spectrum (b) in Fig. 3 . The [Fe(CN) 6 ] 3-stretching frequency shifted from 2117.46 cm -1 to 2080.82 cm -1 [21] . The FTIR spectrum (KBr) of the film formed on the surface of metal after immersion in the solution containing 60 ppm Cl -,10 ppm Zn 2+ and 100 ppm K 3 [Fe(CN) 6 ] is shown as spectrum (c) in Fig. 3 [21] . 
Analysis of fluorescence spectra
The emission spectrum (λ ex = 385 nm) of the solid potassium ferricyanide is shown in Fig 4a. Peaks appeared at 429 nm, 500 nm and 527 nm. The corresponding excitation spectrum (λ em = 527 nm) is shown in Fig 4b. Fig. 4c . A peak appeared at 429 nm. The corresponding excitation spectrum (λ em = 429 nm) is shown in Fig 4d. A peak appeared at 218 nm. The emission spectrum (λ ex = 360 nm) of the blue film formed on the surface of the metal after immersion in the solution containing 60 ppm Cl -, 100 ppm K 3 [Fe(CN) 6 ] and 10 ppm Zn 2+ is shown in Fig. 4e . The corresponding excitation spectrum (λ em = 429 nm) is shown in Fig. 4f . The peaks appeared in these spectra matched with those of the prepared Prussian blue. This confirmed that the protective film formed on the surface of the metal is Prussian blue. . Polarization study reveals that this formulation controls the cathodic reaction predominantly. AC impedance spectra reveal that the protective film is formed on the metal surface. FTIR spectra reveal that the protective film consists of Prussian blue and Zn(OH) 2 . In order to explain the above facts in a holistic way the following mechanism of corrosion inhibition is proposed:
Mechanism of corrosion inhibition
-when the formulation consisting of 60 ppm Cl -100 ppm K 3 
Conclusions
The present study leads to the following conclusions:
-the formulation consisting of 60 ppm Cl -50 ppm Zn 2+ and 100 ppm K 3 [Fe(CN) 6 ] offers 98% inhibition efficiency to carbon steel immersed in 60 ppm Cl -; -a synergistic effect exists between K 3 [Fe(CN) 6 ] and Zn 2+ ; -as the immersion period increases, the inhibition efficiency decreases; -polarization study reveals that this formulation controls the cathodic reaction predominantly;
-AC impedance spectra reveal that a protective film is formed on the metal surface; -FTIR spectra reveal that a protective film is formed on the metal surface; -the film is also found to be UV fluorescent.
